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This invention relates fo electrical apparatus 
and more particularly fo an electronic naviga- 
tion system fo enable a plane fo fiy a collision 
course toward a target. 
In bombing and navigation if is frequently de- 
sirable fo fiy a collision course toward a target, 
that is, a straight ground track which intersects 
the target. A necessary and su_fficient condition 
for such a course is that the azimuth bearing of 
the target with respect to the plane remain un- 
changed. 
One of the devices for determining the bearing 
of the plane with respect fo a given target, is an 
apparatus for transmitting electromagnetic 
ergy and is adapted fo receive energy re-radiated 
or reflected from the target to the apparatus and 
fo give a visual indication of the transmission of 
the energy in the form of pulses, and an indica- 
tion of the energy received from the target. By 
means of a dlrecti0nal array or system for radiat- 
ing or transmitting the energy and receiving the 
 energy re-radiated or refiected from the target 
an accurate bearing or azimuth reading can be 
determined. Such an apparatus is shown for 
instance in the application of Luis W. Alvarez, 
Serial No. 542,287, ffled June 27, 1944, entitled 
"Radio Distance and Direction Indicator," Patent 
No. 2,480,208, issued August 30, 1949. 
When such apparatus is used in conjunction 
with bombing and navigation if is especially 
sirable that the operator of the target detection 
apparatus have a convenient means of informing 
the pilot of the plane the direction he should 
turn the plane, if necessary, in order that a 
sired course be followed. Such a means is called 
a pilot's direction indicator, hereinafter referred 
fo as a PDI, which is ordinarily a ceter-scale 
direct current milliammeter properiy marked to 
indicate the direction and number of degrees for 
the desired turn. Such instruments have been 
used considerably in the past with various means 
for controlling them. 
One of the objects of my invention therefore 
is to present a system whereby the operator of 
the detection apparatus can, by means of the 
PDI, direct the plane on a given collision course 
toward a selected target. 
Another of the objects o the invention is to 
enable the detection apparatus operator, by 
means of a series of preliminalT corrections and 
aoeustments, and turns by the pilot of the plane, 
. fo put the plane on a proper collision course with 
the selected target so that thereafter any devia- 
tion of the plane from this course will be auto- 
matically indicated to the piiot. This system 
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takes into accourir any comportent of cross-wind 
tending fo cause the plane fo deviate from the 
course selected and indicates the drift angle 
caused by the comportent of the cross-wind. 
5 My invention will best be understood by ref- 
erence fo the drawing in which: 
. The figure is a schematic view, partly diagram- 
matic, showing .the principle of operation of my 
invention. 
10 Inasmuch as my invention is used in conjunc- 
tion with and as a part of a previously developed 
electronic target detection and presentation ap- 
paratus known as the north-stabilized PPI sys- 
rem, a brief explanation of this system will make 
15 the operation of my invention more readily 
derstood. A north stabilized PPI system is one 
in which the orientation of ttie north position 
remains at the same azimuth position on the face 
of the cathode ray oscilloscope tube viewing 
20 screen utilized in the receiving apparatus of the 
set regardless of the heading of the plane or ship 
carrying the apparatus. This position of north 
on the oscilloscope tube may be set in a position 
as selected by the operator of the apparatus by 
2b means of a differential self-synchronous genera- 
tor arrangement. Used as a part of this device 
are a number of self-synchronous generators or 
transmitters, motors or receivers, and differential 
generators which will be referred fo hereinafter 
30 as by the general terre of selsyrm. 
Referring now more particularly to the figure, 
selsyn {} is mechanically linked fo the ship's or 
plane's compass by means of shaft Il and its 
displacement is directly proportioial to the coin« 
35 pass heading or bearing of the ship or-plane. 
Therefore, it follows that any rotation of shaft 
2, which is driven by selsyn 3, will be equal to 
the rotation of. shaft  where shaft 4 is kept 
stationary. It is fo be understood that a power 
40 multiplying system may be used between selsyn 
13 and selsyn 15, if desired. .- 
There is provided selsyn 5 which may be con- 
sidered as a differential selsyn which receives 
formation from both shaft 2, whose position is 
45 proportional fo the plane's or ship's heading, 
and shaft 6 whose position is proportional o 
the azimuth or direction of the antenna or device 
for radiating and receiving the electromagnetic 
radiation of the radio-ob.ject location or. detec- 
50 tion system 20, and delivers _information in- the 
form of voltages fo the defiection yokes of the 
oscilloscope or cathode ray tube 2 used in the 
receiving apparatus associated with the radio- 
object location system, such for ,in,tanceas 
5 shown in the aforementioned Alarez applicatiO n. 



The rotor of selsyn 5 is excited by a sawtooth 
voltage obtained from the sawtooth generator 
7. Such voltage generators are well known in 
the art and hence will hot be illustrated here 
except schematically. 
Itis apparent from the above description that 
the presentation of the targets on the viewing 
screen of the oscflloscope tube will be stabilized 
since any change in heading by the plane is sub- 
tracted out by the rotation of shaft   and there- 
fore does hot produce a change in the azimuth 
orientation of the target presentation. !tis also 
apparent that knob 8, by introducing a chang'e 
of voltage in the differential selsyn 9, may be 
used to provide azimuth displacement of the 
target presentation. 
My invention incorporates in the above-de- 
scribed apparatus a selsyn motor 25 and its asso- 
ciated phase detector 2  and PDI's 22 and 23, and 
the shaft 24 and gearing 25 used to displace the 
-rotor of this selsyn. Referring again to the 
.figure, the heading of the plane determines the 
-angular position of shaft  and consequently 
the .voltages impressed on the stator winding of 
, selsyn 25. Assuming that the rotor of selsyn 20 
is held stationary, the voltage induced in it by 
the .stator voltages will change as the plane 
changes course, in accordance with the angular 
displacement of shaft . By use of the afore- 
 mentioned phase detector 2  this rotor voltage is 
»r.ectified and impressed on the center scale direct- 
current.milliammeters which serve as the PDI's 22 
and 23. Once the plane is on a desired course 
.and the rotor of selsyn 25 has been positioned 
. by means of knob 25 so that the PDI meters 22 
-and 23 are receiving.no voltage, any deviation of 
 the plane from this selected heading will cause a 
deflection of the PDI's indicating to the pilot the 
 proper direction and amount of turn necessary 
in order to Put the plane on the proper course. 
In orderto get the plane on a collision course 
when itis hot headed in the general direction of 
 .the desired target the operator of the detection 
equipment closes switch 27 thereby short-circuit- 
ing the pflot's PDI 23 so that it indicates zero 
defiection. Then knob 8 is turned untfl the 
aircraft electronic heading mark on the screen 
.of the oscflloscope tube of the receiving apparatus 
. coincides with a desired radial reference ]hue and 
knob 25 is promptly turned until there is no 
-defiection on the operator's PDI 22. The pilot's 
PDI 23 is now switched on by opening switch 27 
and knob | 8 turned until the target on the oscillo- 
-scope screen is under the radial reference line. 
This results in an unbalance of the voltages in 
the stator or selsyn 25 and a voltage induced in 
 the rotor of selsyn 25 which is in turn phase de- 
tected and applied fo the PDI's, indicating that a 
turn is necessarY to get on the desired course. 
The pilot makes the turn in the direction and 
amount as indicated by his PDI 23 thereby re- 
storing the balance of voltages in selsyn 25 due to 
the rotation of shaft   and the action of selsyn 
|0 which accordingly .causes the PDI's to again 
show zero defiection. 
rhe plane is now headhug toward the target 
and the ground track would indicate a collision 
course if there is no comportent of cross-wind 
-ausing-a drïft of the plane. However, assum- 
ing 'there is .a cross-wind tending fo cause the 
plane to veer off course, the target spot on the 
 oscilloscope screen will drift away .from the refer- 
ence line. To correct for this drift the operator 
-of the detection equipment double-grips knobs 8 
»-and $ and the target is-again returned fo the 
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reference line by shiïting the target display on 
the oscilloscope screen in azimuth. By double- 
gripping is meant turning both knobs simultane- 
ously through the saine angle of rotation. 
5 The pilot's PDI 23 now indicates that another 
turn is necessary due to the fact that the voltages 
in the stator of selsyn 2e bave been .unbalanced 
by the combination of the rotation of shaft 4 
and shaft 24. By means of the gear arrangement 
10 25 shaft 24 rotates through rive times as large 
an angle as shaft 4 when knobs 8 and 25 are 
double-gripped to reposition the target spot and 
produces a voltage in the rotor of selsyn 2 ap- 
proximately proportional to the angle which the 
1.5 plane should travel in order fo be on a collision 
course. 
The operator continues to enter new correc- 
tions by double-gripping knobs 8 and 25, thus 
causing the target spot to remain on the saine 
20 reference line on the Çcreen of the oscilloscope 
tube. After a series of corrections by the opera- 
tor and turns by the pilot, the plane will be on such 
a course that there is no further azimuth drift of 
the target spot and this will be the oollision course 
OE5 desired. Onceknobs 8 and 26 havebeenproper]y 
set so as to properly define this collision course 
the operator need hot touch the controls, and 
any deviation from the course will be indicated 
on the PDI's. The angle between the reference 
z0 line and .the electronic heading marker wfll be 
the drift angle of the plane due to the cross-wind 
comportent. 
Vhile this description of operation bas re- 
ferred to the application of my invention for.use 
.3;5 on an airplane if is to be understood that it can 
be readfly adapted for use with ships.as well. It 
is obvious to those skilled in the art that various 
changes and modifications may be ruade to this 
invention without departing from-the scope of 
4o the invention as set forth in the appendedclaLms. 
I claire: 
1. Electrical navigation apparatus for enabling 
a craft to navigate a direct  course to a given 
point, comprising: compass means; a self-syn- 
45 chronous generator including a rotor and a stator, 
said rotor being energized by an alternatingcur- 
rent source, said generator beingcoupled-tosaid 
compass means and responsive to variations Of 
said compass means; a self-synchronous differen- 
50 tial transmitter connected to said stator, for dif- 
ferentially transmitting variations in energy sup- 
plied thereto by said generator, a portion of said 
transmitter being rotatable; a self-synchronous 
motor and a self-synchronous control transformer 
5.5 each including a rotor and a stator, said stators 
behug coupled to said transmitter and responsive 
to said compass means variations transmitted 
therethrough, the rotor of said motor being ener- 
gized by an alternating current source; radio- 
ûo echo location means; a differentil self-synchro- 
nous generator coupled to said radio-echo loca- 
tion means and to the rotor of said motor; Said 
radio-echo location means including cathode ray 
tube means operatively connected to said differen- 
5 tial generator for control thereby and indicating 
drift from said direct course; indicating meter 
means coupled to the rotor of said transformer 
for indicating said compass means variations; 
means for adjusting said variable portion of said 
ï0 transmitter and thereby contro]ling the response 
of the rotor of said transformer to said compass 
means variations and a]so affecting the indica- 
tions on said cathode ray tube; and means for 
adjusting the rotary position of the rotor of said 
75 transformer, coupled to said rotor, and thereby 
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varying the response of said meter means te said 
compass means variations without influencing the 
indications shown by said cathode ray tube means; 
whereby a navigator on a craft can set a given 
course, observe any deviations frein said course 
and cause them te be corrected, and can, as long 
as the cause of said deviations remains constant, 
se adjnst said mener indicator means se that they 
will automatically indicate deviations of said 
craft from said com'se. 
2. Electrical navigation apparatus according te 
claire I, and further including a step-up rotation 
transmission between said rotor adjusting means 
and the rotor of said transformer, whereby the 
rotor of said transformer may be rotated more 
rapidly than said rotatable portion of said trans- 
initier. 
3. Navigation apparatns according te claire 2, 
wherein said transmission step-up bas a step-up 
ratio of 5 te i. 
4. Navigation apparatns according te claire i, 
wherein said indicator meter means consist of 
ai least two mflliammeters, one located ai the 
navigator's position and one ai the position of 
the pilot of said craft, and further including a 
phase detector between said meter means and 
the rotor of said transformer. 
5. Navigation apparatus according te claire 4 
and further including a step-up rotation trans- 
mission between said rotor adjnsting means and 
the rotor of said transformer, whereby the rotor 
of said transformer may be rotated more rapidly 
than said rotatable portion of said transmitter. 
6. Electrical navigation apparatns for enabling 
a craft te navigate a direct course te a given 
point, comprising: first compass means; a self- 
synchronous differential transrnitter coupled te 
said compass means and responsive te ifs varia- 
tions; second radio-eche location means for 

cating the given navigation point; third cathode 
ray tube means coupled te said differential trans« 
mitter and said second means, for indicating 
drift frein said course; fourth means connected 
te said differential transmitter for varying the 
coupling between said transmitter and said com- 
pass means in order te cancel said drift indica- 
tion on said cathode ray tube means; fifth meter 
means for measuring the differential transmitter 
energy variation when said fourth means is 
varied; and sixth means for variably couplLng 
said meter means te said transmitter. 
7. Navigation appaatus according te claire 6, 
wherein said fourth means is rotatable, and fur- 
ther including seventh means for rotatively vary- 
ing said sixth means. 
8. Navigation apparatus according te claire 7, 
and further including a step-up rotation rans- 
mission connected between said seventh means 
and said sixth means. 
9. Navigation apparatus according te claire 8, 
wherein said step-up transmission has a step-up 
ratio of 5 te I. 
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